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Description
Technical Field

[0001] The present invention relates to an operation
control device, an air conditioning system, an operation
control method, and an operation control program.

Background Art

[0002] In offices, factories, and so on, the maximum
demand power is treated as the contract power according
to demand contracts. When power consumption exceeds
the maximum demand power, the contract power goes
high. Therefore, power control is performed so that the
power consumption does not exceed the maximum de-
mand power.

[0003] In offices and so on, air conditioning equipment
occupies a large proportion in power consumption. In or-
der to ensure that the power consumption does not ex-
ceed the maximum demand power, it is important to con-
trol air conditioning equipment so as to suppress its pow-
er consumption.

[0004] The air conditioning equipment is controlled by
the following procedure.

[0005] An air conditioning load is predicted from a
weather prediction, a room usage schedule, and so on
of a certain period. Based on the prediction result, the
maximum demand power and a time zone where the
maximum demand power occurs are calculated. An air
conditioning control plan to reduce power consumption
during that time zone is formulated. The air conditioning
equipment is controlled based on the control plan.
[0006] Prediction of the maximum demand power and
ofthe time zone may fail depending on an air conditioning
load status such as the actual equipment usage and the
weather. When the prediction fails, itis necessary to mod-
ify the control plan appropriately to bring the power con-
sumption closer to the planned value.

[0007] With the technique described in Patent Litera-
ture 1, an air conditioning load is predicted using a build-
ing model. An operation plan of air conditioning equip-
ment is prepared based on the prediction result. Air con-
ditioning equipment is controlled along the operation
plan.

[0008] With the technique described in Patent Litera-
ture 2, when an error occurs between the predicted load
and the actual load during operation of air conditioning
equipment, the operation plan is formulated again from
the beginning. JP2016115271A provides an operation
management server capable of generating an operation
program by using weather data with coarse precision.

Citation List
Patent Literature

[0009]
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Patent Literature 1: JP 2011-214794 A
Patent Literature 2: JP 2006-266520 A

Summary of Invention
Technical Problem

[0010] The technique described in Patent Literature 1
cannot sufficiently deal with fluctuations in air condition-
ing load with respect to the prediction.

[0011] With the technique described in Patent Litera-
ture 2, whenever an air conditioning load fluctuates with
respect to prediction, time-consuming processing such
as air conditioning load prediction and re-calculation of
an operation plan for air conditioning equipment is exe-
cuted. Therefore, a modified operation plan cannot be
applied to the process immediately, and there is a pos-
sibility that an error with respect to a planned value of
power consumption per day cannot be absorbed.
[0012] Itis an objective of the present invention to be
able to apply a modified plan immediately even when an
air conditioning load fluctuates with respect to the pre-
diction.

Solution to Problem

[0013]
claims.

The invention is set out in the appended set of

Advantageous Effects of Invention

[0014] Inthe presentinvention, when an air condition-
ing load fluctuates with respect to a prediction, a modified
plan is selected from among a plurality of control plans
formulated in advance. Thus, even when the air condi-
tioning load fluctuates with respect to the prediction, the
modified plan can be applied immediately.

Brief Description of Drawings
[0015]

Fig. 1 is a block diagram illustrating a configuration
of an air conditioning system according to Embodi-
ment 1.

Fig. 2 is a block diagram illustrating a hardware con-
figuration of an operation control device according
to Embodiment 1.

Fig. 3 is a block diagram illustrating a functional con-
figuration of the operation control device according
to Embodiment 1.

Fig. 4 is a flowchart illustrating an operation of the
operation control device accordingto Embodiment 1.
Fig. 5 presents graphs illustrating weather change
patterns and control plans according to Embodiment
1.

Fig. 6 is a flowchart illustrating an operation of the
operation control device according to Embodiment 1.
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Fig. 7 presents graphs illustrating weather change
patterns and control plans according to Embodiment
1.

Fig. 8 is a flowchart illustrating an operation of the
operation control device according to Embodiment 1.
Fig. 9 is a block diagram illustrating a functional con-
figuration of an operation control device according
to Embodiment 2.

Fig. 10 is a block diagram illustrating a functional
configuration of an operation control device accord-
ing to Embodiment 3.

Fig. 11 is a block diagram illustrating a functional
configuration of an operation control device accord-
ing to Embodiment 4.

Fig. 12 is a block diagram illustrating a functional
configuration of an operation control device accord-
ing to Embodiment 5.

Fig. 13 is a block diagram illustrating a functional
configuration of an operation control device accord-
ing to Embodiment 6.

Description of Embodiments

[0016] Embodiments of the present invention will be
described hereinafter referring to drawings. In the draw-
ings, the same or equivalent portions are denoted by the
same reference numeral. In the description of the em-
bodiments, explanation on the same or equivalent por-
tions will be omitted or simplified appropriately. Note that
the present invention is not limited to the embodiments
described below, and various modifications can be made
as needed. For example, of the embodiments described
below, two or more embodiments may be implemented
by combination. Also, among the embodiments de-
scribed below, one embodiment or a combination of two
or more embodiments may be implemented partly.

Embodiment 1.

[0017] This embodiment will be described referring to
Figs. 1 to 8.

*** Description of Configuration ***

[0018] A configuration of an air conditioning system 50
according to this embodiment will be described referring
to Fig. 1.

[0019] Theairconditioning system 50is installed within
arbitrary facilities. In the facilities, there is one or more
rooms 55 each forming an individual space. The room
55 is, for example, an office.

[0020] The air conditioning system 50 is provided with
at least one operation control device 10, one or more
schedulers 52, one or more air conditioning controllers
53, and a plurality of air conditioners 54 which are air
conditioning equipment.

[0021] Theoperation control device 10 and the air con-
ditioning controller 53 are connected to a LAN 51 where
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"LAN" is an abbreviation for local area network. In this
embodiment, the operation control device 10 and the air
conditioning controller 53 communicate with each other
viathe LAN 51. Alternatively, the operation control device
10 and the air conditioning controller 53 may communi-
cate with each other not via the LAN 51 alone, but via
another network such as a WAN and the Internet, or may
communicate with each other directly without a network
such as the LAN 51 intervening. Alternatively, the air con-
ditioning controller 53 may be integrated with the opera-
tion control device 10. Note that"WAN" is an abbreviation
for wide area network.

[0022] The scheduler 52 and the air conditioner 54 are
installed in the room 55. The scheduler 52 is a terminal
with which a schedule of a user of the room 55 is regis-
tered. The air conditioner 54 is an indoor unit to be con-
trolled by the air conditioning controller 53. Although not
illustrated, another air conditioning equipment which con-
sumes power, such as an outdoor unit, is also controlled
by the air conditioning controller 53.

[0023] The number of rooms 55 may be one, or alter-
natively there may be a plurality of rooms 55. In this em-
bodiment, the number of air conditioning controllers 53
is one for one room 55. However, a plurality of air con-
ditioning controllers 53 may be provided to one room 55.
Alternatively, one air conditioning controller 53 may be
provided to a plurality of rooms 55.

[0024] One or a plurality of air conditioners 54 are con-
nected to one air conditioning controller 53. The opera-
tion of the air conditioner 54 is controlled by the operation
control device 10 via the connected air conditioning con-
troller 53. The usage schedule of the room 55 is regis-
tered in the scheduler 52 in advance by one or more
users. The number of people occupying the room chang-
es according to this schedule. Personal data being per-
sonal information of each user is also contained in the
scheduler 52 and managed. The personal data includes
personal information concerning temperature preference
such as being sensitive to heat or the cold.

[0025] A configuration of the operation control device
10 according to this embodiment will be described refer-
ring to Figs. 2 and 3.

[0026] The operation control device 10 is a computer.
The operation control device 10 is provided with a proc-
essor 31 as well as other hardware devices such as a
ROM 32, a memory 33, an auxiliary storage device 34,
an input/output controller 38, and a network controller
39. Note that "ROM" is an abbreviation of read only mem-
ory. The processor 31 is connected to the other hardware
devices via an internal bus 40 and controls these other
hardware devices.

[0027] The operation control device 10 is provided with
a pattern extraction unit 11, a heat load prediction unit
12, a target value input unit 13, a plan formulation unit
14, a plan selection unit 15, and a data storage unit 20,
as functional elements. Functions of the pattern extrac-
tion unit 11, heat load prediction unit 12, target value
input unit 13, plan formulation unit 14, and plan selection
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unit 15 are implemented by software. Although in this
embodiment a function of the data storage unit 20 is im-
plemented by the auxiliary storage device 34, it may be
implemented by the memory 33.

[0028] The processor 31 is a device that executes an
operation control program. The operation control pro-
gram is a program that implements the functions of the
pattern extraction unit 11, heat load prediction unit 12,
target value input unit 13, plan formulation unit 14, and
plan selection unit 15. The processor 31 is, for example,
a CPU where "CPU" is an abbreviation for central
processing unit.

[0029] The memory 33 is, for example, a flash memory
or RAM where "RAM" is an abbreviation for random ac-
cess memory.

[0030] The auxiliary storage device 34 is, for example,
a flash memory or HDD where "HDD" is an abbreviation
for hard disk drive.

[0031] Input devices such as a mouse 35 and a key-
board 36 are connected to the input/output controller 38
and controlled by the input/output controller 38. The input
devices are devices that are operated by the user to input
data to the operation control program. Another type of
input device such as a touch panel may be used together
with the mouse 35 and the keyboard 36, or in addition to
the mouse 35 and the keyboard 36.

[0032] A display 37 is also connected to the input/out-
put controller 38 and controlled by the input/output con-
troller 38. The display 37 is a device that displays data
outputted from the operation control program onto a
screen. The display 37 is, for example, an LCD where
"LCD" is an abbreviation for liquid crystal display.
[0033] The network controller 39 involves a receiver to
receive data inputted to the operation control program
and a transmitter to transmit data outputted from the op-
eration control program.

[0034] The operation control program is stored in the
auxiliary storage device 34. The operation control pro-
gram is loaded to the memory 33, read into the processor
31, and executed by the processor 31. Not only the op-
eration control program but also an OS is stored in the
auxiliary storage device 34 where "OS" is an abbreviation
for operating system. The processor 31 executes the op-
eration control program while executing the OS.

[0035] The operation control program and the OS may
be stored in the ROM 32 or memory 33. The operation
control program may be incorporated in the OS partly or
entirely.

[0036] The operation control device 10 may be provid-
ed with a plurality of processors that replace the proces-
sor 31. The plurality of processors share execution of the
operation control program. Each processor is, for exam-
ple, a CPU.

[0037] Data, information, signal values, and variable
values which are utilized, processed, or outputted by the
operation control program are stored in the memory 33,
the auxiliary storage device 34, or a register or cache
memory in the processor 31.
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[0038] The operation control program is a program that
causes the computer to execute processes that are the
pattern extraction unit 11, heat load prediction unit 12,
target value input unit 13, plan formulation unit 14, and
plan selection unit 15 with their "unit" being replaced by
"process". Alternatively, the operation control program is
a program that causes the computer to execute proce-
dures that are the pattern extraction unit 11, heat load
prediction unit 12, target value input unit 13, plan formu-
lation unit 14, and plan selection unit 15 with their "unit"
being replaced by "procedure". The operation control
program may be recorded in a computer-readable me-
dium such as a CD-ROM and a USB memory and may
be provided in the form of the computer-readable medi-
um, or may be provided in the form of a program product.
Note that "CD-ROM" is an abbreviation for compact disk
read only memory and that "USB" is an abbreviation for
universal serial bus.

[0039] The data storage unit 20 has a building infor-
mation storage unit 21, a weather data storage unit 22,
afirst pattern storage unit 23, and a plan storage unit 24.
[0040] The building information storage unit 21 stores
geographic information of a building in which the room
55is located, information indicating a feature of the build-
ing, and information concerning equipment in the build-
ing. The geographic information of the building includes,
for example, information indicating a locational situation
such as the latitude, longitude, and orientation of the
building. The information indicating the feature of the
building includes, for example, information indicating a
number of floors, age, area, the material of the outer wall,
and the material of the inner wall, of the building, includes
information indicating a location such as a floor number
and orientation of each room 55 of the building, and in-
cludes information indicating a size, shape, number of
windows, air leakage efficiency, and seat position of the
user, of each room 55. The information concerning the
equipmentin the building includes, for example, informa-
tion indicating the quantity of air conditioners 54 in each
room 55, model number, performance, years of use, and
installation location of the air conditioner 54, and connec-
tion of the air conditioner 54 with the air conditioning con-
troller 53 in each room 55.

[0041] The weather data storage unit 22 stores weath-
er data. The weather data is data pertaining to the weath-
er of the location or area where the building is located.
[0042] The weather data includes, for example, past
actual values, present values, and forecast values of
each of temperature, humidity, solar radiation, change in
wind direction and wind speed, sunshine duration per
day, and precipitation. The weather data is used for ex-
tracting a weather change pattern.

[0043] Thefirstpattern storage unit 23 stores a plurality
of weather change patterns as a pattern of how the
weather changes.

[0044] The plan storage unit 24 stores a plurality of
control plans as a plan for controlling the operation of the
air conditioner 54 in accordance with the plurality of
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weather patterns, respectively, stored in the first pattern
storage unit 23.

*** Description of Operation ***

[0045] An operation of the operation control device 10
according to this embodiment will be described referring
to Figs. 4 to 8 in addition to Figs. 1 to 3. The operation
of the operation control device 10 is equivalent to an op-
eration control method according to this embodiment.
[0046] Prior to start of controlling the air conditioner
54, the operation control device 10 extracts a large
number of weather change patterns and formulates con-
trol plans for the air conditioner 54.

[0047] Fig. 4 illustrates a procedure of extracting the
large number of weather change patterns and formulat-
ing the control plans for the air conditioner 54.

[0048] In step S101, the pattern extraction unit 11 re-
fers to the weather data stored in the weather data stor-
age unit 22 and extracts the large number of weather
change patterns which can occur during a specific period.
The pattern extraction unit 11 stores the extracted weath-
er change patterns to the first pattern storage unit 23.
[0049] In step S102, the heat load prediction unit 12
refers to various information stored in the building infor-
mation storage unit 21 and calculates a prediction value
of the heat load of the building for every weather change
pattern stored in the first pattern storage unit 23. Calcu-
lation of the heat load can use an existing standard such
as SHASE-5112-2000 which is the standard of The So-
ciety of Heating, Air-Conditioning and Sanitary Engineers
of Japan. Alternatively, the calculation can use software
such as HASP, BEST, and EnergyPlus.

[0050] The target value input unit 13 receives input of
a target value of the power consumption of the air con-
ditioner 54 and a target value of an indoor comfort degree
from a manager 60 in advance via the input devices such
as the mouse 35 and the keyboard 36. The target value
of the power consumption is the target value of total pow-
er consumption amountin the specific period or the target
value of peak power. The target value of the indoor com-
fort degree is the target value of the indoor comfort de-
gree in the specific period.

[0051] Instep S103, in respect of the heat load predic-
tion value calculated by the heat load prediction unit 12
for every weather change pattern, the plan formulation
unit 14 formulates such a control plan of the air condi-
tioner 54 that satisfies the specified target value of the
power consumption and the specified target value of the
indoor comfort degree. The plan formulation unit 14
stores a set of a weather change pattern and the formu-
lated control plan to the plan storage unit 24. In formu-
lating the control plan that satisfies the target values, var-
ious well-known methods can be used such as existing
mathematical programming, multi-objective mathemati-
cal programming, and machine learning. As the existing
mathematical programming, Newton’s method, sequen-
tial quadratic programming, dynamic planning, or the like
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can be used. As the multi-objective mathematical pro-
gramming, a multi-objective genetic algorithm, a multi-
objective particle swarm optimization, or the like can be
used. To calculate the indoor comfort degree, an existing
warmth-coldness index such as PMV, SET, and UTCI
can be used. Note that "PMV" is an abbreviation for pre-
dicted mean value, "SET" is an abbreviation for standard
new effective temperature, and "UTCI" is an abbreviation
for universal thermal climate index.

[0052] In cases where no control plan can satisfy a
given target value, the plan formulation unit 14 may
prompt the manager 60 via the display 37 to input the
target value again.

[0053] Fig. 5 illustrates the weather change patterns
extracted by the pattern extraction unit 11 and the control
plans formulated by the plan formulation unit 14 in this
embodiment.

[0054] The pattern extraction unit 11 extracts weather
change patterns P1 to Pn that can occur in the specific
period from past weather data stored in the weather data
storage unit 22. The heat load prediction unit 12 predicts
heat load for each of the weather change patterns P1 to
Pn. The plan formulation unit 14 formulates control plans
C1 to Cn of the air conditioner 54 for the weather change
patterns P1to Pn, respectively. The "specific period" may
be any period, but in this embodiment, it is set to a period
of 7 o’clock to 22 o’clock of the winter season. As the
weather change pattern, the change pattern of the out-
door air temperature is calculated. As the control plan for
the air conditioner 54, a plan of the preset temperature
is calculated.

[0055] As described above, in this embodiment, the
operation control device 10 extracts the weather change
patterns P1 to Pn prior to start of controlling the air con-
ditioner 54. Based on the weather change patterns P1
to Pn, the operation control device 10 formulates the con-
trol plans C1 to Cn as control plan candidates. The op-
eration control device 10 stores the control plans C1 to
Cn to the plan storage unit 24.

[0056] After that, the operation control device 10 se-
lects a control plan to be used actually for controlling the
air conditioner 54 from among the control plan candidates
stored in the plan storage unit 24, and starts operation
control over the air conditioner 54.

[0057] Fig. 6 illustrates a procedure of starting opera-
tion control over the air conditioner 54 in this embodiment.
This procedure is implemented at a time point T1 illus-
trated in Fig. 5. Note that the time point T1 is the time
point at which operation control over the air conditioner
54 is started. In this embodiment, the time point T1 is 7
o’clock. Note that a time point T2 is the time point at which
operation control over the air conditioner 54 is ended. In
this embodiment, the time point T2 is 22 o’clock.

[0058] Instep S201, the plan selection unit 15 acquires
a forecast value of a weather change pattern that might
occur during a specific period in the future, from the
weather data storage unit 22. That is, the plan selection
unit 15 predicts a weather change pattern that occurs in
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a period of the time point T1 to the time point T2 based
on the forecast weather data stored in the weather data
storage unit 22.

[0059] In step S202, the plan selection unit 15 selects
a set of a weather change pattern Px the closest to the
predicted weather change pattern and a control plan Cx
corresponding to the weather change pattern Px, from
the plan storage unit 24. More specifically, the plan se-
lection unit 15 finds individual sums of absolute values
of differences between hourly forecast values of the ac-
quired weather change pattern and hourly outdoor air
temperatures of the individual weather change patterns
P1 to Pn stored in the first pattern storage unit 23. The
plan selection unit 15 selects a weather change pattern
Px that provides the smallest sum, and a control plan Cx
corresponding to the weather change pattern Px.
[0060] In step S203, the plan selection unit 15 controls
operation of the air conditioner 54 based on the selected
control plan Cx.

[0061] As described above, in this embodiment, when
starting control over the air conditioner 54, the operation
control device 10 selects the weather change pattern Px
from among the weather change patterns P1 to Pn. The
operation control device 10 selects the control plan Cx
corresponding to the weather change pattern Px from
among the control plans C1 to Cn. The operation control
device 10 controls operation of the air conditioner 54
along the control plan Cx.

[0062] Afterthat, the operation control device 10 mod-
ifies the control plan for the air conditioner 54 as neces-
sary, using the control plan candidates stored in the plan
storage unit 24.

[0063] Fig. 7 illustrates the weather change patterns
selected by the plan selection unit 15 and the control
plans selected by the plan selection unit 15 in this em-
bodiment.

[0064] Fig. 8 illustrates a procedure of modifying the
control plan for the air conditioner 54 in this embodiment.
This procedure is implemented at a time point Tm indi-
cated in Fig. 7. The time point Tm is the time point at
which it is determined whether or not the control plan
needs modification. The time point Tm may be a time
point between the time point T1 and the time point T2,
but in this embodiment, the time point Tm is fixed at 12
o’clock.

[0065] In step S301, the plan selection unit 15 ac-
quires, from the weather data storage unit 22, a meas-
ured value of a weather change pattern Pm from the time
point T1, at which control over the air conditioner 54 is
started, to the present time. That is, the plan selection
unit 15 extracts the weather change pattern Pm occurring
during a period of the time point T1 to the time point Tm
from the last weather data stored in the weather data
storage unit 22. The plan selection unit 15 determines
whether the extracted weather change pattern Pm devi-
ates from the weather change pattern Px selected in step
S202. More specifically, the plan selection unit 15 finds
a sum of absolute values of differences between hourly
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measured values of the acquired weather change pattern
Pm and hourly outdoor air temperatures of the weather
change pattern Px stored in the first pattern storage unit
23. If the sum exceeds a threshold value, the plan selec-
tion unit 15 determines that the weather change pattern
Pm deviates from the weather change pattern Px. Alter-
natively, the plan selection unit 15 may determine wheth-
er the measured value deviates from the forecast value
by comparing the measured value of the acquired weath-
er change pattern Pm and the forecast value of the weath-
er change pattern acquired in step S201.

[0066] When the weather change pattern Pm does not
deviate from the weather change pattern Px, the plan
selection unit 15 successively controls the operation of
the air conditioner 54 based on the control plan Cx se-
lected in step S202. When the weather change pattern
Pm deviates from the weather change pattern Px, the
plan selection unit 15 determines that the control plan for
the air conditioner 54 needs modification, and executes
a process of step S302.

[0067] In step S302, the plan selection unit 15 selects
a set of a weather change pattern Py the closest to the
extracted weather change pattern Pm and a control plan
Cy corresponding to the weather change pattern Py, from
the plan storage unit 24. More specifically, the plan se-
lection unit 15 finds individual sums of absolute values
of differences between hourly measured values of the
acquired weather change pattern Pm and hourly outdoor
air temperatures from the time point T1 to the time point
Tm of the individual weather change patterns P1 to Pn
stored in the first pattern storage unit 23. The plan selec-
tion unit 15 selects a weather change pattern Py that
provides the smallest sum, and a control plan Cy corre-
sponding to the weather change pattern Py.

[0068] In step S303, the plan selection unit 15 cancels
operation control over the air conditioner 54 which has
been conducted along the control plan Cx. The plan se-
lection unit 15 controls operation of the air conditioner 54
based on the newly selected control plan Cy, thereby
modifying the control plan for the air conditioner 54.
[0069] As aresult, during operation control over the air
conditioner 54, even if the air conditioning load fluctuates
from the prediction due to the weather conditions, a con-
trol plan can be selected again from among the large
number of control plans formulated in advance in accord-
ance with the fluctuations in air conditioning load. That
is, the control plan can be modified in accordance with
the weather conditions. Modification of the control plan
does not require prediction of the weather change pat-
tern, prediction of the heat load, and recalculation of the
control plan, so that the calculation cost can be sup-
pressed. Since modification of the control plan does not
take much time, the control plan can be modified before
the error grows. As a result, it is possible to keep con-
trolling the air conditioner 54 while maintaining the power
consumption and the indoor comfort degree that are
close to the planned values given as the targets.

[0070] As described above, in this embodiment, at the
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time point Tm midway through a time zone T where op-
eration of the air conditioner 54 is controlled along one
control plan Cx among the plurality of control plans C1
to Cn stored in the data storage unit 20, the plan selection
unit 15 determines whether the weather change pattern
Px corresponding to the control plan Cx deviates from
the actual weather change pattern Pm, based on the
weather data indicating a time-series weather observa-
tion result of up to the time point Tm. If the weather
change pattern Px deviates, the plan selection unit 15
selects a weather change pattern Py that is different from
the weather change pattern Px corresponding to the con-
trol plan Cx, from among the plurality of weather change
patterns P1 to Pn stored in the data storage unit 20, in
accordance with the weather data. During the rest of the
time zone T, the plan selection unit 15 controls operation
of the air conditioner 54 along the control plan Cy corre-
sponding to the weather change pattern Py, among the
plurality of control plans C1 to Cn. Note that the time zone
T is a period of the time point T1 to the time point T2.
[0071] In this embodiment, the target values of the
power consumption and indoor comfort degree are in-
putted directly by the manager 60. Alternatively, candi-
date values of the target values may be prepared, and
desired values may be selected by the manager 60 from
among the candidate values.

[0072] In this embodiment, both the power consump-
tion of the air conditioner 54 and the comfort of the space
where the air conditioner 54 is installed are considered,
but alternatively only one of them may be considered.
That is, inputting of a target value may be omitted for
either one of the power consumption and the indoor com-
fort degree.

[0073] Instead of the indoor comfort degree, another
type of indoor/outdoor atmosphere value may be used.
[0074] In this embodiment, whether or not the control
plan for the air conditioner 54 needs modification is de-
termined at one time point Tm only. Alternatively, whether
or not the control plan needs modification may be deter-
mined at a plurality of time points. In this embodiment,
the calculation cost for modification of the control plan
can be suppressed, as described above. Also, modifica-
tion of the control plan does not take much time. There-
fore, it is desirable to increase the frequency of determi-
nation as to whether or not the control plan needs mod-
ification.

*** Description of Effect of Embodiment ***

[0075] In this embodiment, when an air conditioning
load fluctuates from the prediction, a modified plan is
selected from among a plurality of control plans formu-
lated in advance. Therefore, even when the air condition-
ing load fluctuates from the prediction, a modified plan
can be applied immediately.

[0076] In this embodiment, even when the air condi-
tioning load fluctuates from the prediction during control
over the air conditioner 54, the control plan for the air
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conditioner 54 is modified immediately so that the power
consumption and the indoor comfort degree fall within
target ranges of the specific period. Therefore, it is pos-
sible to keep controlling the air conditioner 54 while main-
taining a state where the power consumption and the
indoor comfort degree are close to the planned values.

*** Other Configuration ***

[0077] Inthis embodiment, the functions of the pattern
extraction unit 11, heat load prediction unit 12, target val-
ue input unit 13, plan formulation unit 14, and plan se-
lection unit 15 are implemented by software. In a modi-
fication, the functions of the pattern extraction unit 11,
heat load prediction unit 12, target value input unit 13,
plan formulation unit 14, and plan selection unit 15 may
be implemented by a combination of software and hard-
ware. That is, some of the functions of the pattern ex-
traction unit 11, heat load prediction unit 12, target value
input unit 13, plan formulation unit 14, and plan selection
unit 15 may be implemented by dedicated hardware, and
the remaining functions may be implemented by soft-
ware.

[0078] The dedicated hardware is, for example, a sin-
gle circuit, a composite circuit, a programmed processor,
a parallel-programmed processor, a logic IC, a GA, an
FPGA, or an ASIC. Note that "IC" is an abbreviation for
integrated circuit; "GA" is an abbreviation for gate array;
"FPGA" is an abbreviation for field-programmable gate
array; and "ASIC" is an abbreviation for application spe-
cific integrated circuit.

[0079] The processor 31 and the dedicated hardware
are both processing circuitry. That is, regardless of
whether the functions of the pattern extraction unit 11,
heat load prediction unit 12, target value input unit 13,
plan formulation unit 14, and plan selection unit 15 are
implemented by software or by a combination of software
and hardware, the functions of the pattern extraction unit
11, heat load prediction unit 12, target value input unit
13, plan formulation unit 14, and plan selection unit 15
are implemented by the processing circuitry.

Embodiment 2.

[0080] This embodiment will be described referring to
Fig. 9 mainly regarding differences from Embodiment 1.

*** Description of Configuration ***

[0081] A configuration of an operation control device
10 according to this embodiment will be described refer-
ring to Fig. 9.

[0082] The operation control device 10 is provided with
a pattern extraction unit 11, a heat load prediction unit
12, a target value input unit 13, a plan formulation unit
14, a plan selection unit 15, a data storage unit 20, and
additionally an actual value acquisition unit 16, as func-
tional elements. Functions of the pattern extraction unit
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11, heat load prediction unit 12, target value input unit
13, plan formulation unit 14, plan selection unit 15, and
actual value acquisition unit 16 are implemented by soft-
ware.

[0083] In Embodiment 1, when modifying the control
planfor the air conditioner 54, the weather change pattern
Py the closest to the measured weather change pattern
Pm is selected, and the control plan Cy corresponding
to the weather change pattern Py is selected as a new
control plan. However, in cases where, for example, the
weather has changed heavily by the time point Tn at
which the control plan is modified, even if a new control
plan is selected, it is sometimes difficult to achieve the
target power consumption because, for example, the
power has already been used excessively or has hardly
been used. In view of this, according to this embodiment,
when modifying the control plan for an air conditioner 54,
the actual value of the power consumption before plan
modification is referred to, and such a control plan is se-
lected that according to which the power consumption
during a specific period becomes the closest to the
planned value after the plan modification.

*** Description of Operation ***

[0084] An operation of the operation control device 10
according to this embodiment will be described referring
to Fig. 9. The operation of the operation control device
10is equivalent to an operation control method according
to this embodiment.

[0085] Aprocedure of extracting a weather change pat-
tern and formulating a control plan for the air conditioner
54 is the same as that of Embodiment 1 illustrated in Fig.
4, and accordingly its description will be omitted.
[0086] Also, a procedure of starting operation control
over the air conditioner 54 is the same as that of Embod-
iment 1illustratedin Fig. 6, and accordingly its description
will be omitted.

[0087] A procedure of modifying the control plan for
the air conditioner 54 in this embodiment will be described
regarding differences from the procedure in Embodiment
1 illustrated in Fig. 8.

[0088] A process of step S301 is the same as that of
Embodiment 1, and accordingly its description will be
omitted.

[0089] At the time point Tm at which it is determined
whether or not the control plan for the air conditioner 54
needs modification, the actual value acquisition unit 16
acquires an actual value of power consumption from a
time point T1, at which operation control for the air con-
ditioner 54 is started, to a time point Tm.

[0090] In step S302, the plan selection unit 15 refers
to the actual value of the power consumption acquired
by the actual value acquisition unit 16 and selects, from
among control plans C1 to Cn stored in a plan storage
unit 24, a control plan Cy that may allow achieving a
target value of the power consumption and a target value
of an indoor comfort degree throughout a specific period.
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More specifically, the plan selection unit 15 subtracts the
actual value of the power consumption acquired by the
actual value acquisition unit 16 from the target value of
the total power consumption amount from a time point
T1 to a time point T2 at which operation control over the
air conditioner 54 ends. The subtraction result corre-
sponds to a power amount that can be used from a time
point Tm to the time point T2. The plan selection unit 15
calculates a prediction value of the power consumption
from the time point Tm to the time point T2, for each of
the control plans C1 to Cn. The plan selection unit 15
determines whether the calculated prediction value ex-
ceeds the power amount that can be used from the time
point Tm to the time point T2, for each of the control plans
C1 to Cn. The plan selection unit 15 selects a weather
change pattern Py the closest to a weather change pat-
tern Pm extracted in step S301, from among weather
change patterns corresponding to control plans whose
prediction values are equal to or less than the usable
power amount. Then, the plan selection unit 15 selects
the control plan Cy corresponding to the weather change
pattern Py.

[0091] A process of step S303 is the same as that of
Embodiment 1, and accordingly its description will be
omitted.

[0092] As described above, in this embodiment, the
plan formulation unit 14 formulates the plurality of control
plans C1 to Cn in accordance with the target value of the
power consumption of the air conditioner 54 in a time
zone T. The plan formulation unit 14 stores the plurality
of control plans C1 to Cn to the data storage unit 20.
Unlike in Embodiment 1, when selecting the weather
change pattern Py, the plan selection unit 15 specifies,
from among the plurality of control plans C1 to Cn, a
control plan according to which a prediction value of pow-
er consumption of the air conditioner 54 during the rest
of the time zone T exceeds a difference between the
target value and the actual value of power consumption
of the air conditioner 54 of up to the time point Tm. The
plan selection unit 15 excludes a weather change pattern
corresponding to the specified control plan from candi-
dates.

*** Description of Effect of Embodiment ***

[0093] According to this embodiment, the air condition-
er 54 can be controlled such that even if the control plan
for the air conditioner 54 is modified, the power consump-
tion stays within a target range planned before modifica-
tion of the control plan.

*** Other Configuration ***

[0094] In this embodiment, the functions of the pattern
extraction unit 11, heat load prediction unit 12, target val-
ue input unit 13, plan formulation unit 14, plan selection
unit 15, and actual value acquisition unit 16 are imple-
mented by software, as in Embodiment 1. Alternatively,
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the functions of the pattern extraction unit 11, heat load
prediction unit 12, target value input unit 13, plan formu-
lation unit 14, plan selection unit 15, and actual value
acquisition unit 16 may be implemented by a combination
of software and hardware, as in the modification of Em-
bodiment 1.

Embodiment 3.

[0095] This embodiment will be described referring to
Fig. 10 mainly regarding differences from Embodiment 1.

*** Description of Configuration ***

[0096] A configuration of an operation control device
10 according to this embodiment will be described refer-
ring to Fig. 10.

[0097] The operation controldevice 10is provided with
a pattern extraction unit 11, a heat load prediction unit
12, a target value input unit 13, a plan formulation unit
14, a plan selection unit 15, a data storage unit 20, and
additionally an actual value acquisition unit 16 and an
estimation value acquisition unit 17, as functional ele-
ments. Functions of the pattern extraction unit 11, heat
load prediction unit 12, target value input unit 13, plan
formulation unit 14, plan selection unit 15, actual value
acquisition unit 16, and estimation value acquisition unit
17 are implemented by software.

*** Description of Operation ***

[0098] An operation of the operation control device 10
according to this embodiment will be described referring
to Fig. 10. The operation of the operation control device
10is equivalent to an operation control method according
to this embodiment.

[0099] Aprocedure of extracting a weather change pat-
tern and formulating a control plan for an air conditioner
54 is the same as that of Embodiment 1 illustrated in Fig.
4, and accordingly its description will be omitted.
[0100] A procedure of starting operation control over
the air conditioner 54 in this embodiment will be described
regarding differences from that of Embodiment 1 illus-
trated in Fig. 6.

[0101] A process of step S201 is the same as that of
Embodiment 1, and accordingly its description will be
omitted.

[0102] At a time point T1 at which operation control
over the air conditioner 54 is started, the estimation value
acquisition unit 17 acquires an estimated value of extra
power generated during a specific period by at least one
of power saving, power generation, and power storage
performed by another equipment in a building where the
air conditioner 54 is installed. Note that "another equip-
ment" refers to some or all of: power consumption equip-
ment 56 such as lighting equipment, an elevator, water
supply and drainage equipment, heat source equipment,
heat transfer equipment, and ventilation equipment that
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consume power; power generation equipment 57 such
as solar power generation equipment and wind power
generation equipment; and power storage equipment 58
such as an accumulator battery, afuel cell, and an electric
automobile. The extra power generated by "power sav-
ing" refers to power that becomes available to the air
conditioner 54 when the power consumption of the power
consumption equipment 56 is reduced by suspension of
operation or energy saving operation of the power con-
sumption equipment 56. The extra power generated by
"power generation" refers to power that becomes avail-
able to the air conditioner 54 when power generated by
the power generation equipment 57 is supplied from the
power generation equipment 57. The extra power gen-
erated by "power storage" refers to power that becomes
available to the air conditioner 54 when power stored in
the power storage equipment 58 is supplied from the
power storage equipment 58.

[0103] In step S202, the plan selection unit 15 refers
to the estimated value of the extra power acquired by the
estimation value acquisition unit 17 and selects, from
among control plans C1 to Cn stored in the plan storage
unit 24, a control plan Cy that may allow achieving a
target value of the power consumption and a target value
of an indoor comfort degree in a specific period. More
specifically, the plan selection unit 15 adds the estimated
value of the extra power acquired by the estimation value
acquisition unit 17 to the target value of the total power
consumption amount from the time point T1 to a time
point T2 at which operation control over the air condition-
er 54 ends. The addition result corresponds to a power
amount that can be used from the time point T1 to the
time point T2. The plan selection unit 15 calculates a
prediction value of the power consumption from the time
point T1 to the time point T2, for each of the control plans
C1to Cn. The plan selection unit 15 determines whether
the calculated prediction value exceeds the power
amount that can be used from the time point T1 to the
time point T2, for each of the control plans C1 to Cn. The
plan selection unit 15 selects a weather change pattern
Px the closest to a weather change pattern predicted in
step S201, from among weather change patterns corre-
sponding to control plans whose prediction values are
equal to or less than the usable power amount. Then,
the plan selection unit 15 selects a control plan Cx cor-
responding to the weather change pattern Px.

[0104] A process of step S303 is the same as that of
Embodiment 1, and accordingly its description will be
omitted.

[0105] A procedure of modifying the control plan for
the air conditioner 54 in this embodimentwill be described
regarding differences from the procedure in Embodiment
1 illustrated in Fig. 8.

[0106] A process of step S301 is the same as that of
Embodiment 1, and accordingly its description will be
omitted.

[0107] At the time point Tm at which it is determined
whether or not to the control plan of the air conditioner
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54 needs modification, the actual value acquisition unit
16 acquires an actual value of power consumption from
the time point T1 to a time point Tm of the air conditioner
54, and actual values of power consumption, generated
power, and stored power from the time point T1 to the
time point Tm of another equipment.

[0108] At the time point Tm, the estimation value ac-
quisition unit 17 acquires an estimated value of extra
power generated by at least one of power saving, power
generation, and power storage from the time point Tm to
the time point T2 by another equipment.

[0109] In step S302, the plan selection unit 15 refers
to the actual values of power consumption, generated
power, and stored power which are acquired by the actual
value acquisition unit 16 and an estimated value of extra
power acquired by the estimation value acquisition unit
17 and selects, from among the control plans C1 to Cn
stored in the plan storage unit 24, the control plan Cy that
may allow achieving the target values of the power con-
sumption and indoor comfort degree throughout a spe-
cific period. More specifically, the plan selection unit 15
calculates an actual value of an extra power from the
time point T1 to the time point Tm from the actual values
of the power consumption, generated power, and stored
power of another equipment which are acquired by the
actual value acquisition unit 16. The plan selection unit
15 subtracts the actual value of the power consumption,
acquired by the actual value acquisition unit 16, of the
air conditioner 54 from the sum of the calculated actual
value of the extra power, the target value of the total
power consumption amount from the time point T1 to the
time point T2, and the estimated value, acquired by the
estimation value acquisition unit 17, of the power con-
sumption. The subtraction result corresponds to a power
amount that can be used from the time point Tm to the
time point T2. The plan selection unit 15 calculates a
prediction value of the power consumption from the time
point Tm to the time point T2, for each of the control plans
C1to Cn. The plan selection unit 15 determines whether
the calculated prediction value exceeds the power
amount that can be used from the time point Tm to the
time point T2, for each of the control plans C1to Cn. The
plan selection unit 15 selects the weather change pattern
Py the closest to the weather change pattern Pm predict-
ed in step S301, from among weather change patterns
corresponding to control plans whose prediction values
are equal to or less than the usable power amount. Then,
the plan selection unit 15 selects the control plan Cy cor-
responding to the weather change pattern Py.

[0110] A process of step S303 is the same as that of
Embodiment 1, and accordingly its description will be
omitted.

[0111] Asdescribed above, in this embodiment, unlike
in Embodiment 1, when selecting the weather change
pattern Py, the plan selection unit 15 specifies, from
among the plurality of control plans C1 to Cn, a control
plan according to which a prediction value of power con-
sumption of the air conditioner 54 during the rest of the
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time zone T exceeds an estimated value of extra power
generated during the rest of the time zone T by at least
one of suspension of operation or energy saving opera-
tion of the power consumption equipment 56 other than
the air conditioner 54, power supply from the power gen-
eration equipment 57, and power supply from the power
storage equipment 58. The plan selection unit 15 ex-
cludes a weather change pattern corresponding to the
specified control plan from candidates.

*** Description of Effect of Embodiment ***

[0112] According to this embodiment, it is possible to
determine how much power the air conditioner 54 may
consume during a specific period while taking into con-
sideration the extra power generated by at least one of
power saving, power generation, and power storage per-
formed by another equipment in the building where the
air conditioner 54 is installed. It is also possible to select
or modify the control plan for the air conditioner 54 based
on the determination result so that the target value of the
power consumption is achieved.

*** Other Configuration ***

[0113] In this embodiment, the functions of the pattern
extraction unit 11, heat load prediction unit 12, target val-
ue input unit 13, plan formulation unit 14, plan selection
unit 15, actual value acquisition unit 16, and estimation
value acquisition unit 17 are implemented by software,
as in Embodiment 1. Alternatively, the functions of the
pattern extraction unit 11, heat load prediction unit 12,
target value input unit 13, plan formulation unit 14, plan
selection unit 15, actual value acquisition unit 16, and
estimation value acquisition unit 17 may be implemented
by a combination of software and hardware, as in the
modification of Embodiment 1.

Embodiment 4.

[0114] This embodiment will be described referring to
Fig. 11 mainly regarding differences from Embodiment 1.

*** Description of Configuration ***

[0115] A configuration of an operation control device
10 according to this embodiment will be described refer-
ring to Fig. 11.

[0116] The operation control device 10 is provided with
a pattern extraction unit 11, a heat load prediction unit
12, a target value input unit 13, a plan formulation unit
14, a plan selection unit 15, a data storage unit 20, and
additionally a plan extraction unit 18, as functional ele-
ments. Functions of the pattern extraction unit 11, heat
load prediction unit 12, target value input unit 13, plan
formulation unit 14, plan selection unit 15, and plan ex-
traction unit 18 are implemented by software.

[0117] The plan extraction unit 18 is located between



19 EP 3 617 607 B1 20

the plan selection unit 15 and a plan storage unit 24.
*** Description of Operation ***

[0118] An operation of the operation control device 10
according to this embodiment will be described referring
to Fig. 11. The operation of the operation control device
10is equivalent to an operation control method according
to this embodiment.

[0119] Aprocedure of extractingaweather change pat-
tern and formulating a control plan for an air conditioner
54 is the same as that of Embodiment 1 illustrated in Fig.
4, and accordingly its description will be omitted.
[0120] A procedure of starting operation control over
the air conditioner 54 in this embodiment will be described
regarding differences from that of Embodiment 1 illus-
trated in Fig. 6.

[0121] A process of step S201 is the same as that of
Embodiment 1, and accordingly its description will be
omitted.

[0122] At a time point T1 at which operation control
over the air conditioner 54 is started, the plan extraction
unit 18 acquires an actual value representing a weather
change pattern of up to the time point T1 from a weather
data storage unit 22. The plan extraction unit 18 extracts
control plans from among control plans C1 to Cn stored
in the plan storage unit 24, excluding a control plan for-
mulated based on a weather change pattern completely
different from the actual value representing the weather
change pattern of up to the time point T1. The plan ex-
traction unit 18 hands only the extracted control plans to
the plan selection unit 15.

[0123] In step S202, the plan selection unit 15 selects
a weather change pattern Px the closest to the weather
change pattern predicated in step S201 from among
weather change patterns corresponding to the control
plans extracted by the plan extraction unit 18. Then, the
plan selection unit 15 selects a control plan Cx corre-
sponding to the weather change pattern Px.

[0124] A process of S203 is the same as that of Em-
bodiment 1, and accordingly its description will be omit-
ted.

[0125] A procedure of modifying the control plan for
the air conditioner 54 in this embodiment will be described
regarding differences from that of Embodiment 1 illus-
trated in Fig. 8.

[0126] A process of step S301 is the same as that of
Embodiment 1, and accordingly its description will be
omitted.

[0127] At a time point Tm at which it is determined
whether nor not the control plan for the air conditioner 54
needs modification, the plan extraction unit 18 acquires
an actual value representing the weather change pattern
Pm of up to the time point Tm from the weather data
storage unit 22. The plan extraction unit 18 extracts con-
trol plans from among the control plans C1 to Cn stored
in the plan storage unit 24, excluding a control plan for-
mulated based on a weather change pattern completely
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different from the actual value representing a weather
change pattern Pm of up to the time point T1. The plan
extraction unit 18 hands only the extracted control plans
to the plan selection unit 15.

[0128] In step S302, the plan selection unit 15 selects
a weather change pattern Py the closest to the weather
change pattern Pm extracted in step S301 from among
weather change patterns corresponding to the control
plans extracted by the plan extraction unit 18. Then, the
plan selection unit 15 selects a control plan Cy corre-
sponding to the weather change pattern Py.

[0129] A process of S303 is the same as that of Em-
bodiment 1, and its description will accordingly be omit-
ted.

[0130] As described above, in this embodiment, the
plan extraction unit 18 extracts, from among a plurality
of weather change patterns P1 to Pn, a weather change
pattern deviating from the actual weather change pattern,
based on a weather observation result of before a time
zone T. Unlike in Embodiment 1, the plan selection unit
15 selects one weather change pattern Px other than the
weather change pattern extracted by the plan extraction
unit 18, from among the plurality of weather change pat-
terns P1 to Pn stored in the data storage unit 20. As in
Embodiment 1, during the time zone T, the plan selection
unit 15 controls the operation of the air conditioner 54
along the control plan Cx corresponding to the weather
change pattern Px, among the plurality of control plans
C1to Cn.

*** Description of Effect of Embodiment ***

[0131] According to this embodiment, candidates to
choose from for the plan selection unit 15 when selecting
the control plan for the air conditioner 54 can be reduced.
Therefore, the control plan for the air conditioner 54 can
be selected more rapidly.

*** Other Configuration ***

[0132] In this embodiment, the functions of the pattern
extraction unit 11, heat load prediction unit 12, target val-
ue input unit 13, plan formulation unit 14, plan selection
unit 15, and plan extraction unit 18 are implemented by
software, asin Embodiment 1. Alternatively, the functions
of the pattern extraction unit 11, heat load prediction unit
12, target value input unit 13, plan formulation unit 14,
plan selection unit 15, and plan extraction unit 18 may
be implemented by a combination of software and hard-
ware, as in the modification of Embodiment 1.

Embodiment 5.

[0133] This embodiment will be described referring to
Fig. 12 mainly regarding differences from Embodiment 1.
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*** Description of Configuration ***

[0134] A configuration of an operation control device
10 according to this embodiment will be described refer-
ring to Fig. 12.

[0135] The operation controldevice 10 is provided with
a pattern extraction unit 11, a heat load prediction unit
12, a target value input unit 13, a plan formulation unit
14, a plan selection unit 15, a data storage unit 20, and
additionally a plan modification unit 19, as functional el-
ements. Functions of the pattern extraction unit 11, heat
load prediction unit 12, target value input unit 13, plan
formulation unit 14, plan selection unit 15, and plan mod-
ification unit 19 are implemented by software.

[0136] The plan maodification unit 19 is located side by
side with the plan selection unit 15.

[0137] In Embodiment 1, when modifying the control
plan for the air conditioner 54, the control plan Cy formu-
lated based on the weather change pattern Py similar to
the actual value representing the weather change pattern
Pm of up to that time point is selected as a new control
plan. However, in cases where a weather change pattern
Py similar to the actual value representing the weather
change pattern Pm of up to that time point does not exist,
even if the control plan for the air conditioner 54 is mod-
ified, the power consumption and indoor comfort degree
as targets cannot be achieved. In view of this, according
to this embodiment, when modifying the control plan for
the air conditioner 54, a weather change pattern of a spe-
cific period is newly calculated based on the actual value
representing a weather change pattern Pm of up to that
time point. Then, the already formulated control plan for
the air conditioner 54 is modified based on the newly
calculated weather change pattern.

*** Description of Operation ***

[0138] An operation of the operation control device 10
according to this embodiment will be described referring
to Fig. 12. The operation of the operation control device
10is equivalent to an operation control method according
to this embodiment.

[0139] Aprocedure of extracting a weather change pat-
tern and formulating a control plan for an air conditioner
54 is the same as that of Embodiment 1 illustrated in Fig.
4, and accordingly its description will be omitted.
[0140] A procedure of starting operation control over
the air conditioner 54 is also the same as that of Embod-
iment 1illustratedin Fig. 6, and accordingly its description
will be omitted.

[0141] A procedure of modifying the control plan for
the air conditioner 54 in this embodiment will be described
regarding differences from that of Embodiment 1 illus-
trated in Fig. 8.

[0142] A process of step S301 is the same as that of
Embodiment 1, and accordingly its description will be
omitted.

[0143] At a time point Tm at which it is determined
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whether or not the control plan for the air conditioner 54
needs modification, the plan modification unit 19 acquires
an actual value representing a weather change pattern
Pm of up to the time point Tm from a weather data storage
unit 22. In cases where a control plan formulated based
on a weather change pattern similar to the actual value
representing a weather change pattern of up to the time
point Tm does not exist among the control plans C1 to
Cn stored in a plan storage unit 24, the plan modification
unit 19 modifies one of the already formulated control
plans. More specifically, the plan modification unit 19 pre-
dicts weather fluctuations from the time point Tm to the
time point T2 based on the actual value representing the
weather change pattern Pm. The plan modification unit
19 newly calculates a weather change pattern in a spe-
cific period in accordance with the actual value repre-
senting the weather change pattern Pm and the predic-
tion values of the weather fluctuations. The plan modifi-
cation unit 19 selects an arbitrary one of the control plans
C1 to Cn stored in the plan storage unit 24. The plan
modification unit 19 estimates how power consumption
and indoor comfort degree in the selected control plan
change according to the newly calculated weather
change pattern. Based on the estimation result, the plan
modification unit 19 alters part of the selected control
plan so that the power consumption and indoor comfort
degree as targets can be achieved. For example, the
plan modification unit 19 changes a preset temperature
in some period of the air conditioner 54.

[0144] A process of step S303 is the same as that of
Embodiment 1, and accordingly its description will be
omitted.

[0145] Asdescribedabove, inthis embodiment, in cas-
es where every one of the plurality of weather change
patterns stored in the data storage unit 20 deviates from
the actual weather change pattern, the plan modification
unit 19 predicts weather fluctuations during the rest of
the time zone T based on the weather data. The plan
modification unit 19 calculates a new weather change
pattern in accordance with the prediction result. The plan
modification unit 19 modifies an arbitrary control plan
among the plurality of control plans C1 to Cn in accord-
ance with the calculated weather change pattern. During
the rest of the time zone T, the plan selection unit 15
controls the operation of the air conditioner 54 along the
control plan modified by the plan modification unit 19.
[0146] Instead of modifying the control plan by chang-
ing part of the existing control plan, the plan modification
unit 19 may predict heat load from a newly calculated
weather change pattern, as in step S102, and may re-
formulate a control plan that achieves the power con-
sumption and power indoor comfort degree as targets,
as in step S103.

*** Description of Effect of Embodiment ***

[0147] According to this embodiment, when modifying
the control plan of the air conditioner 54, not only a
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scheme of selecting a control plan again but also a
scheme of modifying a control plan itself may be em-
ployed. Therefore, it is possible to flexibly deal with a
case where a weather change pattern not similar to any
one of weather change patterns prepared in advance oc-
curs.

*** Other Configuration ***

[0148] In this embodiment, the functions of the pattern
extraction unit 11, heat load prediction unit 12, target val-
ue input unit 13, plan formulation unit 14, plan selection
unit 15, and plan modification unit 19 are implemented
by software, as in Embodiment 1. Alternatively, the func-
tions of the pattern extraction unit 11, heatload prediction
unit 12, target value input unit 13, plan formulation unit
14, plan selection unit 15, and plan modification unit 19
may be implemented by a combination of software and
hardware, as in the modification of Embodiment 1.

Embodiment 6.

[0149] This embodiment will be described referring to
Fig. 13 mainly regarding differences from Embodiment 1.

*** Description of Configuration ***

[0150] A configuration of an operation control device
10 according to this embodiment will be described refer-
ring to Fig. 13.

[0151] InEmbodiment 1, when an air conditioning load
fluctuates from a prediction due to the weather condi-
tions, the control plan for the air conditioner 54 is modi-
fied. However, fluctuations in air conditioning load de-
pend not only on the weather conditions but also on an-
other factor such as a ventilation temperature and facility
usage status. In view of this, in this embodiment, not only
a large number of weather change patterns but also a
large number of heat load fluctuation patterns caused by
a factor such as an illumination usage, a human occu-
pancy, an apparatus usage, and a ventilation quantity
which influence the heat load are extracted. By formulat-
ing control plans corresponding to individual heat load
fluctuation patterns, even when fluctuations are caused
by a factor other than the weather conditions, the control
plan can be modified to deal with the fluctuations.
[0152] A datastorage unit20 hasabuildinginformation
storage unit 21, a weather data storage unit 22, a first
pattern storage unit 23, a plan storage unit 24, and ad-
ditionally a second pattern storage unit 25, a third pattern
storage unit 26, a fourth pattern storage unit 27, a fifth
pattern storage unit 28, and a sixth pattern storage unit
29.

[0153] The second pattern storage unit25, third pattern
storage unit 26, fourth pattern storage unit 27, and fifth
pattern storage unit 28 store a plurality of subject change
patterns as a pattern of how a subject different from the
weather changes to serve as a factor that changes the
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heat load of the air conditioner 54.

[0154] More specifically, the second pattern storage
unit 25 stores illumination usage patterns as the plurality
of subject change patterns. The illumination usage pat-
ternis a pattern of how the usage status of the illumination
equipment in each room 55 changes. The illumination
usage pattern can be obtained from a scheduler 52, or
an entry and exit management controller or card reader
(not shown).

[0155] The third pattern storage unit 26 stores human
occupancy patterns as the plurality of subject change
patterns. The human occupancy pattern is a pattern of
how a probability of presence of at least one person in
each room 55 changes. The human occupancy pattern
can be obtained from the scheduler 52, or the entry and
exit management controller or card reader (not shown).
[0156] The fourth pattern storage unit 27 stores appa-
ratus usage patterns as the plurality of subject change
patterns. The apparatus usage pattern is a pattern of how
the usage status of each one of various apparatuses in
the building changes. The apparatus usage pattern can
be obtained from each one of various apparatuses in the
building.

[0157] The fifth pattern storage unit 28 stores ventila-
tion amount patterns as the plurality of subject change
patterns. The ventilation amount pattern is a pattern of
how the ventilation amount of each room 55 changes.
The ventilation amount pattern can be obtained from the
air conditioning controller 53.

[0158] The sixth pattern storage unit 29 stores a plu-
rality of heat load fluctuation patterns predicated in ac-
cordance with the plurality of subject change patterns
stored in each of the second pattern storage unit 25, third
pattern storage unit 26, fourth pattern storage unit 27,
and fifth pattern storage unit 28.

[0159] The plan storage unit 24 stores a plurality of
control plans as a plan for controlling the operation of the
air conditioner 54 in accordance with respective combi-
nations of the plurality of weather change patterns and
the plurality of subject change patterns. In this embodi-
ment, the plurality of control plans are individually formu-
lated in practice in accordance with the plurality of heat
load fluctuation patterns stored in the sixth pattern stor-
age unit 29. Alternatively, the plurality of control plans
may be individually formulated in accordance with the
respective combinations of the plurality of weather
change patterns and the plurality of subject change pat-
terns. That is, instead of formulating one control plan for
one heat load fluctuation pattern, one control plan may
be formulated for one combination of a weather change
pattern and a subject change pattern.

*** Description of Operation ***

[0160] An operation of the operation control device 10
according to this embodiment will be described referring
to Fig. 13. The operation of the operation control device
10is equivalent to an operation control method according
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to this embodiment.

[0161] Aprocedure of extracting a weather change pat-
tern and formulating a control plan for an air conditioner
54 in this embodiment will be described regarding differ-
ences from that of Embodiment 1 illustrated in Fig. 4.
[0162] A process of step S101 is the same as that of
Embodiment 1, and accordingly its description will be
omitted.

[0163] Instep S102, a heatload prediction unit 12 pre-
dicts alarge number of heat load fluctuation patterns from
among combinations of various patterns of a specific pe-
riod which are stored in the first pattern storage unit 23,
second pattern storage unit 25, third pattern storage unit
26, fourth pattern storage unit 27, and fifth pattern storage
unit 28. The heat load prediction unit 12 stores the pre-
dicted heat load fluctuation patterns to the sixth pattern
storage unit 29.

[0164] In step S103, a plan formulation unit 14 formu-
lates, for each of all heat load fluctuation patterns stored
in the sixth pattern storage unit 29, a control plan for the
air conditioner 54 to satisfy a target value of a designated
power consumption and a target value of a designated
indoor comfort degree. The plan formulation unit 14
stores sets of the heat load fluctuation patterns and for-
mulated control plans to the plan storage unit 24.
[0165] A procedure of starting operation control over
the air conditioner 54 in this embodiment will be described
regarding differences from that of Embodiment 1 illus-
trated in Fig. 6.

[0166] At a time point T1 at which operation control
over the air conditioner 54 is started, a plan selection unit
15 selects an appropriate heat load fluctuation pattern
predicated from a plan for a specific period of the illumi-
nation usage, human occupancy, apparatus usage, and
ventilation quantity, and a control plan Cx corresponding
to the heat load fluctuation pattern, from the plan storage
unit 24. The plan selection unit 15 controls operation of
the air conditioner 54 based on the selected control plan
Cx.

[0167] A procedure of modifying the control plan for
the air conditioner 54 in this embodiment will be described
regarding differences from that of Embodiment 1 illus-
trated in Fig. 8.

[0168] At a time point Tm at which it is determined
whether or not the control plan of the air conditioner 54
needs modification, the plan selection unit 15 selects a
heat load fluctuation pattern similar to a heat load fluctu-
ation pattern of up to the time point Tm and a control plan
Cy corresponding to that heat load fluctuation pattern,
from the plan storage unit 24 appropriately. The plan se-
lection unit 15 controls operation of the air conditioner 54
based on the selected control plan Cy.

[0169] The processing described above is practiced at
the time of formulating the control plan for the air condi-
tioner 54, at the time of starting control over the air con-
ditioner 54, and at the time of modifying the control plan
for the air conditioner 54.

[0170] As described above, in this embodiment, at the
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time point Tm, if the subject change pattern correspond-
ing to the control plan Cx deviates from the actual subject
change pattern, then in the rest of a time zone T, the plan
selection unit 15 controls the operation of the air condi-
tioner 54 along a control plan corresponding to a subject
change pattern that is different from the subject change
pattern corresponding to the control plan Cx, among a
plurality of control plans C1 to Cn.

[0171] In this embodiment, when the heat load fluctu-
ates, the control plan for the air conditioner 54 is modified
through comparison with the heat load fluctuation pattern
which is stored in the sixth pattern storage unit 29 in ad-
vance. Alternatively, the control plan for the air condition-
er 54 may be modified through comparison of individual
heat load factor. For example, when only the human oc-
cupancy fluctuates, the control plan may be selected
through comparison with a human occupancy pattern
which is stored in the third pattern storage unit 26 in ad-
vance.

[0172] In this embodiment, the illumination usage, hu-
man occupancy, apparatus usage, and ventilation quan-
tity are discussed as factors that fluctuate the air condi-
tioning load. Note that there are many other fluctuation
factors. For example, if a human condition changes, an
optimal temperature changes. As the optimal tempera-
ture changes, an appropriate indoor comfort degree as
well as a preset temperature and heat load of the air
conditioner 54 fluctuate accordingly. Therefore, the con-
trol plan for the air conditioner 54 may be modified by
taking into consideration a fluctuation pattern due to a
heat load fluctuation factor other than the factors dis-
cussed in this embodiment.

*** Description of Effect of Embodiment ***

[0173] According to this embodiment, during operation
control over the air conditioner 54, if an air conditioning
load fluctuates from a prediction due to a factor other
than weather conditions, a control plan can be selected
again from among a large number of control plans for-
mulated in advance, in accordance with the fluctuations
of the air conditioning load. Therefore, the calculation
cost can be suppressed. Since modification of the control
plan does not take much time, the control plan can be
modified before the error grows. As a result, it is possible
to keep controlling the air conditioner 54 while maintain-
ing power consumption and indoor comfort degree that
are close to the planned values given as the targets.

Reference Signs List

[0174] 10: operation control device; 11: pattern extrac-
tion unit; 12: heat load prediction unit; 13: target value
input unit; 14: plan formulation unit; 15: plan selection
unit; 16: actual value acquisition unit; 17: estimation value
acquisition unit; 18: plan extraction unit; 19: plan modifi-
cation unit; 20: data storage unit; 21: building information
storage unit; 22: weather data storage unit; 23: first pat-
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tern storage unit; 24: plan storage unit; 25: second pattern
storage unit; 26: third pattern storage unit; 27: fourth pat-
tern storage unit; 28: fifth pattern storage unit; 29: sixth
pattern storage unit; 31: processor; 32: ROM; 33: mem-
ory; 34: auxiliary storage device; 35: mouse; 36: key-
board; 37: display; 38: input/output controller; 39: net-
work controller; 40: internal bus; 50: air conditioning sys-
tem; 51: LAN; 52: scheduler; 53: air conditioning control-
ler; 54: air conditioner; 55: room; 56: power consumption
equipment; 57: power generation equipment; 58: power
storage equipment; 60: manager

Claims

An operation control device (10) comprising:

a data storage unit (20) to store a plurality of
weather change patterns as a pattern of how
weather changes, and store a plurality of control
plans as a plan for controlling an operation of an
air conditioning equipment in accordance with
the plurality of weather change patterns, respec-
tively;

a plan selection unit (15) to

determine, atatime point midway through atime
zone where the operation of the air conditioning
equipment is controlled along one control plan
among the plurality of control plans stored in the
data storage unit, whether a weather change
pattern corresponding to the one control plan
deviates from an actual weather change pattern,
based on weather data indicating a time-series
weather observation result of up to the time
point; if deviates, select a weather change pat-
tern that is different from the weather change
pattern corresponding to the one control plan,
from among the plurality of weather change pat-
terns stored in the data storage unit, in accord-
ance with the weather data; and during a rest of
the time zone, control the operation of the air
conditioning equipmentalong a control plan cor-
responding to the different weather change pat-
tern, among the plurality of control plans; and
a plan formulation unit (14) to formulate the plu-
rality of control plans in accordance with a target
value of power consumption of the air condition-
ing equipment in the time zone, and store the
plurality of control plans to the data storage unit,
wherein the plan selection unit (15), when se-
lecting the different weather change pattern,
specifies, from among the plurality of control
plans, a control plan according to which a pre-
diction value of power consumption of the air
conditioning equipment during the rest of the
time zone exceeds a difference between the tar-
get value and an actual value of power con-
sumption of the air conditioning equipment of up
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to the time point, and excludes a weather
change pattern corresponding to the specified
control plan from candidates.

The operation control device (10) according to claim
1,

wherein the plan selection unit (15), when selecting
the different weather change pattern, specifies, from
among the plurality of control plans, a control plan
according to which a prediction value of power con-
sumption of the air conditioning equipment during
the rest of the time zone exceeds an estimated value
of extra power generated during the rest of the time
zone by at least one of suspension of operation or
energy saving operation of a power consumption
equipment (56) other than the air conditioning equip-
ment, power supply from a power generation equip-
ment, and power supply from power storage equip-
ment, and excludes a weather change pattern cor-
responding to the specified control plan from candi-
dates.

The operation control device (10) according to claim
1 or 2, further comprising

aplan extraction unit (18) to extract, from among
the plurality of weather change patterns, a
weather change pattern deviating from the ac-
tual weather change pattern, based on a weath-
er observation result of before the time zone,
wherein the plan selection unit (15) selects one
weather change pattern other than the weather
change pattern extracted by the plan extraction
unit, from among the plurality of weather change
patterns stored in the data storage unit, and dur-
ing the time zone, controls the operation of the
air conditioning equipment along a control plan
corresponding to the one weather change pat-
tern, among the plurality of control plans.

4. The operation control device (10) according to any

one of claims 1 to 3, further comprising

a plan modification unit (19) to predict weather
fluctuations during the rest of the time zone, in
cases where every one of the plurality of weather
change patterns stored in the data storage unit
deviates from the actual weather change pat-
tern, based on the weather data, calculate a new
weather change pattern in accordance with a
prediction result, and modify an arbitrary control
plan among the plurality of control plans in ac-
cordance with the calculated weather change
pattern,

wherein during the rest of the time zone, the plan
selection unit (15) controls the operation of the
air conditioning equipment along the control
plan modified by the plan modification unit.
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The operation control device (10) according to any
one of claims 1 to 4,

wherein the data storage unit (20) further stores
a plurality of subject change patterns as a pat-
tern of how a subject different from the weather
changes to serve as a factor that changes a heat
load of the air conditioning equipment, and
stores the plurality of control plans as a plan for
controlling the operation of the air conditioning
equipment in accordance with respective com-
binations of the plurality of weather change pat-
terns and the plurality of subject change pat-
terns, and

wherein at the time point, if the subject change
pattern corresponding the one control plan de-
viates from the actual subject change pattern,
then in the rest of the time zone, the plan selec-
tion unit (15) controls the operation of the air
conditioning equipment along a control plan cor-
responding to a subject change pattern that is
different from the subject change pattern corre-
sponding to the one control plan, among the plu-
rality of control plans.

An air conditioning system (50) comprising:

the operation control device (10) according to
any one of claims 1 to 5; and

the air conditioning equipment whose operation
is controlled by the operation control device.

An operation control method in which a computer,
comprising a data storage unit (20) to store a plurality
of weather change patterns as a pattern of how
weather changes, and store a plurality of control
plans as a plan for controlling an operation of an air
conditioning equipment in accordance with the plu-
rality of weather patterns, respectively,

determines, at a time point midway through a
time zone where the operation of the air condi-
tioning equipmentis controlled along one control
plan among the plurality of control plans stored
in the data storage unit, whether a weather
change pattern corresponding to the one control
plan deviates from an actual weather change
pattern, based on weather data indicating a
time-series weather observation result of up to
the time point; if deviates, selects a weather
change pattern that is different from the weather
change pattern corresponding to the one control
plan, from among the plurality of weather
change patterns stored in the data storage unit,
in accordance with the weather data; and during
a rest of the time zone, controls the operation of
the air conditioning equipment along a control
plan corresponding to the different weather
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change pattern, among the plurality of control
plans,

formulates the plurality of control plans in ac-
cordance with a target value of power consump-
tion of the air conditioning equipment in the time
zone, and stores the plurality of control plans to
the data storage unit, and

when selecting the different weather change
pattern, specifies, from among the plurality of
control plans, a control plan according to which
a prediction value of power consumption of the
air conditioning equipment during the rest of the
time zone exceeds a difference between the tar-
get value and an actual value of power con-
sumption of the air conditioning equipment of up
to the time point, and excludes a weather
change pattern corresponding to the specified
control plan from candidates.

An operation control program comprising instruc-
tions which, when the program is executed by a com-
puter comprising a data storage unit (20) and con-
nected to an air conditioning equipment, cause the
computer to store a plurality of weather change pat-
terns as a pattern of how weather changes, and store
a plurality of control plans as a plan for controlling
an operation of the air conditioning equipment in ac-
cordance with the plurality of weather patterns, and
cause the computer to carry out,

a step of: determining, at a time point midway
through a time zone where the operation of the
air conditioning equipment is controlled along
one control plan among the plurality of control
plans stored in the data storage unit, whether a
weather change pattern corresponding to the
one control plan deviates from an actual weather
change pattern, based on weather data indicat-
ing a time-series weather observation result of
up to the time point; if deviates, selecting a
weather change pattern that is different from the
weather change pattern corresponding to the
one control plan, from among the plurality of
weather change patterns stored in the data stor-
age unit, in accordance with the weather data;
and during a rest of the time zone, controlling
the operation of the air conditioning equipment
along a control plan corresponding to the differ-
ent weather change pattern, among the plurality
of control plans, and

a step of formulating the plurality of control plans
in accordance with a target value of power con-
sumption of the air conditioning equipment in
the time zone, and storing the plurality of control
plans to the data storage unit,

wherein the step of controlling the operation of
the air conditioning equipment, when selecting
the different weather change pattern, specifies,



31 EP 3 617 607 B1 32

from among the plurality of control plans, a con-
trol plan according to which a prediction value
of power consumption of the air conditioning
equipment during the rest of the time zone ex-
ceeds a difference between the target value and
an actual value of power consumption of the air
conditioning equipment of up to the time point,
and excludes a weather change pattern corre-
sponding to the specified control plan from can-
didates.

Patentanspriiche

Betriebssteuerungseinrichtung (10), umfassend:

eine Datenspeichereinheit (20) zum Speichern
einer Vielzahl von Wetteranderungsmustern als
ein Muster dafir, wie sich das Wetter andert,
und zum Speichern einer Vielzahl von Steuer-
planen als Plan zur Steuerung eines Betriebs
einer Klimaanlagenausstattung in Ubereinstim-
mung mit der Vielzahl von Wetteranderungs-
mustern;

eine Planauswahleinheit (15) zum

Bestimmen, zu einem Zeitpunkt in der Mitte ei-
ner Zeitzone, in der der Betrieb der Klimaanla-
genausstattung entlang eines Steuerplans aus
der Vielzahl der in der Datenspeichereinheit ge-
speicherten Steuerplane gesteuert wird, ob ein
Wetteranderungsmuster, das dem einen Steu-
erplan entspricht, von einem tatsachlichen Wet-
teranderungsmuster abweicht, auf der Grundla-
ge von Wetterdaten, die ein Zeitreihenwetterbe-
obachtungsergebnis bis zu dem Zeitpunkt an-
geben; bei Abweichung, Auswahlen eines Wet-
teranderungsmusters, das sich von dem dem
einen Steuerplan entsprechenden Wetterande-
rungsmuster unterscheidet, aus der Vielzahl der
in der Datenspeichereinheit gespeicherten Wet-
teranderungsmuster in Ubereinstimmung mit
den Wetterdaten; und, wahrend eines Rests der
Zeitzone, Steuern des Betriebs der Klimaanla-
genausstattung nach einem Steuerplan, der
dem unterschiedlichen Wetterdanderungsmus-
ter aus der Vielzahl von Steuerplanen ent-
spricht; und

eine Planformulierungseinheit (14) zum Formu-
lieren der Vielzahl von Steuerpléanen in Uberein-
stimmung mit einem Zielwert des Energiever-
brauchs der Klimaanlagenausstattung in der
Zeitzone und zum Speichern der Vielzahl von
Steuerplanen in der Datenspeichereinheit,
wobei die Planauswahleinheit (15), wenn sie
das unterschiedliche Wetteranderungsmuster
auswahlt, aus der Vielzahl von Steuerplanen ei-
nen Steuerplan spezifiziert, gemaf dem ein Vor-
hersagewert des Energieverbrauchs der Klima-
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anlagenausstattung wahrend des Rests der
Zeitzone eine Differenz zwischen dem Sollwert
und einem Istwert des Energieverbrauchs der
Klimaanlagenausstattung bis zu dem Zeitpunkt
Ubersteigt, und ein Wetteranderungsmuster,
das dem spezifizierten Steuerplan entspricht,
von Kandidaten ausschlief3t.

Betriebssteuerungseinrichtung (10) nach Anspruch
1,

wobei die Planauswabhleinheit (15), wenn sie das un-
terschiedliche Wetteranderungsmuster auswahlt,
aus der Vielzahl von Steuerplanen einen Steuerplan
spezifiziert, gemal dem ein Vorhersagewert des En-
ergieverbrauchs der Klimaanlagenausstattung wah-
rend des Rests der Zeitzone einen geschatzten Wert
von zusatzlicher Energie Ubersteigt, die wahrend
des Rests der Zeitzone durch mindestens eines der
folgenden Vorgange erzeugt wird: Aussetzen des
Betriebs oder Energiesparbetriebs einer anderen
Energieverbrauchseinrichtung (56) als der Klimaan-
lagenausstattung, Energieversorgung von einer
Leistungserzeugungseinrichtung und Energiever-
sorgung von einer Energiespeicherausstattung, und
ein Wetteranderungsmuster, das dem spezifizierten
Steuerplan entspricht, von den Kandidaten aus-
schlieft.

Betriebssteuerungseinrichtung (10) nach Anspruch
1 oder 2, ferner umfassend

eine Planextraktionseinheit (18) zum Extrahie-
ren, aus der Vielzahl von Wetteranderungsmus-
tern, eines Wetteranderungsmusters, das von
dem tatsachlichen Wetteranderungsmuster ab-
weicht, auf Grundlage eines Wetterbeobach-
tungsergebnisses vor der Zeitzone,

wobei die Planauswahleinheit (15) ein anderes
Wetteranderungsmuster als das von der Plan-
extraktionseinheit extrahierte  Wetterande-
rungsmuster aus der Vielzahl von in der Daten-
speichereinheit gespeicherten Wetterédnde-
rungsmustern auswahlt und wahrend der Zeit-
zone den Betrieb der Klimaanlagenausstattung
nach einem dem einen Wetteranderungsmuster
entsprechenden Steuerplan aus der Vielzahl
von Steuerplanen steuert.

4. Betriebssteuerungseinrichtung (10) nach einem der

Anspriche 1 bis 3, ferner umfassend

eine Planmodifikationseinheit (19) zum Vorher-
sagen von Wetterschwankungen wahrend des
Rests der Zeitzone in Fallen, in denen jedes der
Vielzahl von Wetteranderungsmustern, die in
der Datenspeichereinheit gespeichert sind, von
dem tatsachlichen Wetteranderungsmuster ab-
weicht, aufder Grundlage der Wetterdaten, zum
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Berechnen eines neuen Wetteranderungsmus-
ters in Ubereinstimmung mit einem Vorhersa-
geergebnis und zum Modifizieren eines beliebi-
gen Steuerplans unter der Vielzahl von Steuer-
planen in Ubereinstimmung mit dem berechne-
ten Wetteranderungsmuster,

wobei die Planauswahleinheit (15) wahrend des
Rests der Zeitzone den Betrieb der Klimaanla-
genausstattung gemal dem von der Planmodi-
fikationseinheit modifizierten Steuerplan steu-
ert.

Betriebssteuerungseinrichtung (10) nach einem der
Anspriche 1 bis 4,

wobei die Datenspeichereinheit (20) ferner eine
Vielzahl von Objektadnderungsmustern als ein
Muster speichert, wie sich ein vom Wetter ver-
schiedenes Objekt andert, um als ein Faktor zu
dienen, der eine Warmelast der Klimaanla-
geausstattung andert, und die Vielzahl von
Steuerplanen als einen Plan zum Steuern des
Betriebs der Klimaanlagenausstattung in Uber-
einstimmung mit jeweiligen Kombinationen der
Vielzahl von Wetteranderungsmustern und der
Vielzahl von Objektdnderungsmustern spei-
chert, und

wobei zu dem Zeitpunkt, falls das dem einen
Steuerplan entsprechende Objektanderungs-
muster von dem tatsachlichen Objektande-
rungsmuster abweicht, die Planauswahleinheit
(15) dann im Rest der Zeitzone den Betrieb der
Klimaanlagenausstattung entlang eines Steuer-
plans steuert, der einem Objektdnderungsmus-
terentspricht, das sich von dem dem einen Steu-
erplan entsprechenden Objektdnderungsmus-
ter aus der Vielzahl von Steuerplanen unter-
scheidet.

Klimatisierungssystem (50), umfassend:

die Betriebssteuerungseinrichtung (10) nach ei-
nem der Anspriiche 1 bis 5; und

die Klimaanlagenausstattung, deren Betrieb
von der Betriebssteuerungseinrichtung gesteu-
ert wird.

Betriebssteuerungsverfahren, bei dem ein Compu-
ter, der eine Datenspeichereinheit (20) umfasst, um
eine Vielzahl von Wetteranderungsmustern als ein
Muster daflr, wie sich das Wetter andert, zu spei-
chern, und eine Vielzahl von Steuerplanen als einen
Plan zum Steuern eines Betriebs einer Klimaanla-
genausstattung in Ubereinstimmung mit der Vielzahl
von Wettermustern zu speichern, jeweils

zu einem Zeitpunkt in der Mitte einer Zeitzone,
in der der Betrieb der Klimaanlagenausstattung
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entlang eines Steuerplans aus der Vielzahl der
in der Datenspeichereinheit gespeicherten
Steuerpléne gesteuert wird, bestimmt, ob ein
Wetteranderungsmuster, das dem einen Steu-
erplan entspricht, von einem tatsachlichen Wet-
teranderungsmuster abweicht, auf der Grundla-
ge von Wetterdaten, die ein Zeitreihenwetterbe-
obachtungsergebnis bis zu dem Zeitpunkt an-
geben; bei Abweichung ein Wetteranderungs-
muster, das sich von dem dem einen Steuerplan
entsprechenden Wetteranderungsmuster un-
terscheidet, aus der Vielzahl der in der Daten-
speichereinheit gespeicherten Wetterdnde-
rungsmuster in Ubereinstimmung mit den Wet-
terdaten auswahlt; und, wahrend eines Rests
der Zeitzone, den Betrieb der Klimaanlagenaus-
stattung nach einem Steuerplan, der dem unter-
schiedlichen Wetteranderungsmuster aus der
Vielzahl von Steuerplanen entspricht, steuert,
die Vielzahl von Steuerplénen in Ubereinstim-
mung mit einem Zielwert des Energiever-
brauchs der Klimaanlagenausstattung in der
Zeitzone formuliert und die Vielzahl von Steuer-
planen in der Datenspeichereinheit speichert,
und

wenn das unterschiedliche Wetteranderungs-
muster ausgewahlt wird, aus der Vielzahl von
Steuerplanen einen Steuerplan spezifiziert, ge-
mafR dem ein Vorhersagewert des Energiever-
brauchs der Klimaanlagenausstattung wéhrend
des Rests der Zeitzone eine Differenz zwischen
dem Sollwert und einem Istwert des Energiever-
brauchs der Klimaanlagenausstattung bis zu
dem Zeitpunkt Ubersteigt, und ein Wetterande-
rungsmuster, das dem spezifizierten Steuerplan
entspricht, von Kandidaten ausschlief3t.

Betriebssteuerungsprogramm, das Anweisungen
umfasst, die, wenn das Programm von einem Com-
puter ausgefiihrtwird, der eine Datenspeichereinheit
(20) umfasstund mit einer Klimaanlagenausstattung
verbundenist, den Computer veranlassen, eine Viel-
zahl von Wetterdnderungsmustern als ein Muster
daflir zu speichern, wie sich das Wetter andert, und
eine Vielzahl von Steuerplénen als einen Plan zum
Steuern eines Betriebs der Klimaanlagenausstat-
tung in Ubereinstimmung mit der Vielzahl von Wet-
termustern zu speichern, und den Computer veran-
lassen, auszufiihren,

einen Schritt des: Bestimmens, zu einem Zeit-
punkt in der Mitte einer Zeitzone, in der der Be-
trieb der Klimaanlagenausstattung entlang ei-
nes Steuerplans aus der Vielzahl der in der Da-
tenspeichereinheit gespeicherten Steuerplane
gesteuert wird, ob ein Wetteranderungsmuster,
das dem einen Steuerplan entspricht, von einem
tatsachlichen  Wetterdnderungsmuster ab-
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weicht, auf der Grundlage von Wetterdaten, die
ein Zeitreihenwetterbeobachtungsergebnis bis
zu dem Zeitpunkt angeben; bei Abweichung,
Auswahlens eines Wetteranderungsmusters,
das sich von dem dem einen Steuerplan ent-
sprechenden Wetteranderungsmuster unter-
scheidet, aus der Vielzahl der in der Datenspei-
chereinheit gespeicherten Wetterdnderungs-
muster in Ubereinstimmung mit den Wetterda-
ten; und, wahrend eines Rests der Zeitzone,
Steuerns des Betriebs der Klimaanlagenaus-
stattung nach einem Steuerplan, der dem unter-
schiedlichen Wetteranderungsmuster aus der
Vielzahl von Steuerplanen entspricht, und
einen Schritt des Formulierens der Vielzahl von
Steuerplanen in Ubereinstimmung mit einem
Zielwert des Energieverbrauchs der Klimaanla-
genausstattung in der Zeitzone und Steuerns
der Vielzahl von Steuerplanen in der Datenspei-
chereinheit,

wobei der Schritt des Steuerns des Betriebs der
Klimaanlagenausstattung, wenn das unter-
schiedliche Wetteranderungsmuster ausge-
wahlt wird, aus der Vielzahl von Steuerplanen
einen Steuerplan spezifiziert, gemaf dem ein
Vorhersagewert des Energieverbrauchs der Kli-
maanlagenausstattung wahrend des Rests der
Zeitzone eine Differenz zwischen dem Sollwert
und einem Istwert des Energieverbrauchs der
Klimaanlagenausstattung bis zu dem Zeitpunkt
Ubersteigt, und ein Wetterdnderungsmuster,
das dem spezifizierten Steuerplan entspricht,
von Kandidaten ausschlieft.

Revendications

Dispositif de commande de fonctionnement (10),
comprenant :

une unité de stockage de données (20) destinée
a stocker une pluralité de modeles de change-
ment météorologique sous la forme d’'un modéle
indiquant la maniére dont la météo évolue, et a
stocker une pluralité de plans de commande
sous la forme d’un plan permettant de comman-
der un fonctionnement d’'un équipement de cli-
matisation conformément a la pluralité de mo-
deles de changement météorologique,
respectivement ;

une unité de sélection de plan (15) destinée a :

déterminer, a un instant donné situé au mi-
lieu d’'un fuseau horaire ou le fonctionne-
ment de I'équipement de climatisation est
commandé selon un plan de commande
parmi la pluralité de plans de commande
stockés dans l'unité de stockage de don-
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nées, si un modele de changement météo-
rologique correspondant a un plan de com-
mande s’écarte d’'un modéle de change-
ment météorologique réel, sur la base de
données météorologiques indiquant un ré-
sultat d’'observation météorologique de sé-
rie chronologique jusqu’a l'instant donné ;
en cas d’écart déterminé, sélectionner un
modele de changement météorologique qui
est différent du modéle de changement mé-
téorologique correspondant audit un plan
de commande, parmi la pluralité de modeé-
les de changement météorologique stockés
dans l'unité de stockage de données, con-
formément aux données météorologiques ;
et pendant le reste du fuseau horaire, com-
mander le fonctionnement de I'équipement
de climatisation selon un plan de comman-
de correspondant au modele de change-
ment météorologique différent, parmila plu-
ralité de plans de commande ; et

une unité de formulation de plan (14) des-
tinée a formuler la pluralité de plans de com-
mande conformément a une valeur cible de
consommation d’énergie de I'équipement
de climatisation dans le fuseau horaire, et
stocker la pluralité de plans de commande
dans l'unité de stockage de données ;
dans laquelle I'unité de sélection de plan
(15), dans le cadre de I'étape de sélection
du modéle de changement météorologique
différent, spécifie, parmilapluralité de plans
de commande, un plan de commande selon
lequel une valeur de prédiction de consom-
mation d’énergie de I'’équipement de clima-
tisation pendant le reste du fuseau horaire
dépasse une différence entre la valeur cible
et une valeur réelle de consommation
d’énergie de I'équipement de climatisation
jusqu’a I'instant donné, et exclut, des can-
didats potentiels, un modéle de change-
ment météorologique correspondant au
plan de commande spécifié.

Dispositif de commande de fonctionnement (10) se-
lon la revendication 1,

dans lequel I'unité de sélection de plan (15), lors de
I’étape de sélection du modéle de changement mé-
téorologique différent, spécifie, parmi la pluralité de
plans de commande, un plan de commande selon
lequel une valeur de prédiction de consommation
d’énergie de I'équipement de climatisation pendant
le reste du fuseau horaire dépasse une valeur esti-
mée d’énergie supplémentaire générée pendant le
reste du fuseau horaire, par le biais d’au moins I'une
des actions parmi une interruption du fonctionne-
ment, ou un fonctionnement d’économie d’énergie
d’'un équipement de consommation d’énergie (56)
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distinct de I'équipement de climatisation, une four-
niture d’énergie a partir d’'un équipement de produc-
tion d’énergie et une fourniture d’énergie a partir d’'un
équipement de stockage d’énergie, et exclut, des
candidats potentiels, un modéle de changement mé-
téorologique correspondant au plan de commande
spécifié.

Dispositif de commande de fonctionnement (10) se-
lon la revendication 1 ou 2, comprenant en outre :

une unité d’extraction de plan (18) destinée a
extraire, parmi la pluralité de modéles de chan-
gement météorologique, un modele de change-
ment météorologique s’écartant du modéle de
changement météorologique réel, sur la base
d'un résultat dobservation météorologique
avant le fuseau horaire ;

dans laquelle I'unité de sélection de plan (15)
sélectionne un modele de changement météo-
rologique distinct du modéle de changement
météorologique extrait par I'unité d’extraction de
plan, parmi la pluralité de modéles de change-
ment météorologique stockés dans l'unité de
stockage de données, et pendant le fuseau ho-
raire, elle commande le fonctionnement de
I'équipement de climatisation selon un plan de
commande correspondant audit un modéle de
changement météorologique, parmi la pluralité
de plans de commande.

4. Dispositif de commande de fonctionnement (10) se-

lon 'une quelconque des revendications 1 a 3, com-
prenant en outre :

une unité de modification de plan (19) destinée
a prédire des fluctuations météorologiques pen-
dant le reste du fuseau horaire, dans les cas ou
chaque modeéle de la pluralité de modéles de
changement météorologique stockés dans I'uni-
té de stockage de données s’écarte du modele
de changementmétéorologique réel, surlabase
des données meétéorologiques, a calculer un
nouveau modele de changement météorologi-
que conformément a un résultat de prédiction,
et a modifier un plan de commande arbitraire,
parmi la pluralité de plans de commande, con-
formément au modéle de changement météo-
rologique calculé ;

dans lequel, pendant le reste du fuseau horaire,
'unité de sélection de plan (15) commande le
fonctionnement de I'équipement de climatisa-
tion selonle plan de commande modifié par I'uni-
té de modification de plan.

Dispositif de commande de fonctionnement (10) se-
lon I'une quelconque des revendications 1 a 4,
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dans lequel I'unité de stockage de données (20)
stocke en outre une pluralité de modeéles de
changement d’objet, sous la forme d’'un modele
indiquant la maniéere dont un objet, différent de
la météo, change pour servir de facteur qui mo-
difie une charge thermique de I'équipement de
climatisation, et stocke la pluralité de plans de
commande, sous la forme d’un plan destiné a
commander le fonctionnement de I'équipement
de climatisation, conformément a des combinai-
sons respectives de la pluralité de modéles de
changement météorologique et de la pluralité
de modeles de changement d’objet ; et

dans lequel, a l'instant donné, si le modéle de
changement d’objet correspondant audit un
plan de commande s’écarte du modéle de chan-
gement d’objet réel, alors, pour le reste du fu-
seau horaire, l'unité de sélection de plan (15)
commande le fonctionnement de I'équipement
de climatisation selon un plan de commande
correspondant a un modéle de changement
d’objet qui est différent du modéle de change-
ment d’objet correspondant audit un plan de
commande, parmi la pluralité de plans de com-
mande.

6. Systeme de climatisation (50), comprenant :

le dispositif de commande de fonctionnement
(10) selon 'une quelconque des revendications
1a5;et

I'’équipement de climatisation dont le fonction-
nement est commandé par le dispositif de com-
mande de fonctionnement.

Procédé de commande de fonctionnement dans le-
quel un ordinateur, comprenant une unité de stoc-
kage de données (20) destinée a stocker une plura-
lit¢ de modéles de changement météorologique
sous la forme d’'un modéle indiquant la maniéere dont
la météo évolue, et a stocker une pluralité de plans
de commande sous la forme d’un plan permettant
de commander un fonctionnement d’'un équipement
de climatisation conformément a la pluralité de mo-
deles de changement météorologique,
respectivement :

détermine, a un instant donné situé au milieu
d'un fuseau horaire ou le fonctionnement de
I'’équipement de climatisation estcommandé se-
lon un plan de commande parmi la pluralité de
plans de commande stockés dans l'unité de
stockage de données, si un modéle de change-
ment météorologique correspondant a un plan
de commande s’écarte d’'un modéle de change-
ment météorologique réel, sur la base de don-
nées météorologiques indiquant un résultat
d’observation météorologique de série chrono-
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logique jusqu’a l'instant donné ; en cas d’écart
déterminé, sélectionne un modele de change-
mentmétéorologique qui estdifférentdu modéle
de changement météorologique correspondant
audit un plan de commande, parmi la pluralité
de modéles de changement météorologique
stockés dans l'unité de stockage de données,
conformément aux données météorologiques ;
et pendant le reste du fuseau horaire, comman-
de le fonctionnement de I'équipement de clima-
tisation selon un plan de commande correspon-
dant au modéle de changement météorologique
différent, parmi la pluralit¢ de plans de
commande ; et

formule la pluralité de plans de commande con-
formément a une valeur cible de consommation
d’énergie de I'équipement de climatisation dans
le fuseau horaire, et stocke la pluralité de plans
de commande dans l'unité de stockage de
données ; et

dans le cadre de I'étape de sélection du modele
de changement météorologique différent, spé-
cifie, parmi la pluralité de plans de commande,
un plan de commande selon lequel une valeur
de prédiction de consommation d’énergie de
I'équipement de climatisation pendant le reste
du fuseau horaire dépasse une différence entre
la valeur cible et une valeur réelle de consom-
mation d’énergie de I'équipement de climatisa-
tion jusqu’a l'instant donné, et exclut, des can-
didats potentiels, un modele de changement
météorologique correspondant au plan de com-
mande spécifié.

Programme de commande de fonctionnement com-
prenant des instructions qui, lorsque le programme
est exécuté par un ordinateur comprenant une unité
de stockage de données (20) et connecté a un équi-
pement de climatisation, amenent I'ordinateur a
stocker une pluralité de modeles de changement
météorologique sous la forme d’'un modéle indiquant
la maniére dont la météo évolue, et a stocker une
pluralité de plans de commande sous la forme d’'un
plan permettant de commander un fonctionnement
d’'un équipement de climatisation conformément a
la pluralité de modéles de changement météorolo-
gique, et aménent I'ordinateur a mettre en oeuvre :

une étape consistant a : déterminer, a uninstant
donné situé au milieu d'un fuseau horaire ou le
fonctionnement de I'équipement de climatisa-
tion estcommandé selon un plan de commande
parmi la pluralité de plans de commande stoc-
kés dans I'unité de stockage de données, si un
modele de changement météorologique corres-
pondant a un plan de commande s’écarte d’'un
modele de changement météorologique réel,
sur la base de données météorologiques indi-
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40

quant un résultat d’observation météorologique
de série chronologique jusqu’a I'instant donné ;
en cas d’écart déterminé, sélectionner un mo-
dele de changement météorologique qui est dif-
férent du modéle de changement météorologi-
que correspondant audit un plan de commande,
parmi la pluralité de modeles de changement
météorologique stockés dans l'unité de stocka-
ge de données, conformément aux données
météorologiques ; et pendant le reste du fuseau
horaire, commander le fonctionnement de
I'’équipement de climatisation selon un plan de
commande correspondant au modéle de chan-
gement météorologique différent, parmi la plu-
ralité de plans de commande ; et

une étape consistant a formuler la pluralité de
plans de commande conformément a une valeur
cible de consommation d’énergie de I'équipe-
ment de climatisation dans le fuseau horaire, et
a stocker la pluralité de plans de commande
dans l'unité de stockage de données ;

dans laquelle, I'étape de commande du fonc-
tionnement de I'’équipement de climatisation,
dansle cadre de la sélection dumodéle de chan-
gement météorologique différent, spécifie, par-
mi la pluralité de plans de commande, un plan
de commande selon lequel une valeur de pré-
diction de consommation d’énergie de I'équipe-
mentde climatisation pendantle reste du fuseau
horaire dépasse une différence entre la valeur
cible et une valeur réelle de consommation
d’énergie de I'équipement de climatisation jus-
qu’alinstantdonné, et exclut, des candidats po-
tentiels, un modele de changement météorolo-
gique correspondant au plan de commande
spécifié.
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